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Abstract
The present study aimed at the aetiological diagnosis of skin tumours of roe deer (Capreolus 
capreolus) in the Czech Republic. A total of 33 roe deer specimens showing skin masses were 
sampled for histopathology, virus detection and identification using polymerase chain reaction 
(PCR) and deoxyribonucleic acid sequence (DNA) analysis, and to investigate fibropapilloma-
associated levels of metallothionein, zinc and oxidative stress in 2012 and 2013. Ticks (Ixodes 
ricinus) and deer keds (Lipoptena cervi) were also collected and pooled from sampled game 
specimens. Ticks found on dogs in hunting grounds under study were pooled into another sample. 
Skin tumours, ranging from 2 to 10 per inspected specimen and 2 to 5 cm in size, were classified 
as fibropapillomas by histopathology. All 33 viral-infection-suspected skin samples from roe 
deer in South Moravia and South Bohemia were PCR positive. The nucleotide sequences of 
PCR products were 100% homologous to the Western roe deer papillomavirus 1 isolate CcPV-1. 
Ticks and deer keds from positive roe deer and ticks from dogs were PCR and DNA sequence 
positive for the roe deer papillomavirus. Viral DNA was also demonstrated in one blood sample 
from a roe deer female. Differences in metallothionein, zinc, taurine and electrochemical 
index among samples from lesions and normal skin of affected roe deer and negative controls 
from papillomavirus-non-infected animals were non-significant. While we have demonstrated 
circulation of specific roe deer papillomavirus in the Czech Republic that results in multiple 
fibropapillomatous skin tumours, many ecological and epidemiological issues of this wildlife 
disease still remain unanswered.
Capreolus capreolus, Lipoptena cervi, Ixodes ricinus, papillomatosis, skin tumours, hunting dog
The roe deer (Capreolus capreolus) is an important native game ungulate species found 
throughout most habitats of Europe (Pikula et al. 1997), with estimated spring population 
and annual bag records in the Czech Republic amounting to 310 000 and 120 000 specimens, 
respectively. Importantly, annual mortality reports stand at nearly 40 000 in this central 
European country. In an analysis of mortality of 1 606 roe deer specimens in the Czech 
Republic, it was found that dietary, parasitic, infectious, toxic, and traumatic causes were 
responsible for 46, 41, 5, 4, and 4% of deaths, respectively (Sterba et al. 1997).
While infections play a minor role in roe deer mortality, a novel roe deer papillomavirus 
infection endemic to the Carpathian basin area of Hungary, Austria and Croatia has been 
recognised (Erdélyi et al. 2009). Phylogenetic analysis placed the roe deer papillomavirus 
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within the Delta-papillomavirus genus (Erdélyi et al. 2008). Fibropapillomatous skin 
tumours are easy to recognise (Erdélyi et al. 2009), and, to date, the disease has also 
been reported from Slovak and Czech regions bordering with Hungary and Austria. Where 
prevalent, it may endanger the economics of trophy hunting because of the repulsive 
appearance of affected animals. However, there is still a lack of proper diagnosis based 
on virus identification and genetic analysis from these two new countries of disease 
occurrence.
The latest research indicates that metallothioneins (MTs) play a role in many 
pathophysiological processes including viral infections connected with a tumour disease 
(Theocharis et al. 2003; Krizkova et al. 2009). Interestingly, apart from metal ion 
homeostasis, detoxification, protection against oxidative damage, and cell proliferation 
and apoptosis, metallothionein isoforms have been shown to be involved in several aspects 
of the carcinogenic process, cancer development and progression (Cherian et al. 2003; 
Theocharis et al. 2003; Krizkova et al. 2008). Elevated MT concentrations in cancer 
cells are probably related to their increased proliferation and protection against apoptosis 
(Krizkova et al. 2009). Metallothioneins, a group of low-molecular weight, cysteine-rich 
intracellular proteins, control the cellular zinc ion levels and proper intracellular Zn(II) 
concentration maintains the fragmentation of DNA associated with caspase-3 activity. As 
the expression of MTs has been linked with tumour spread, it may be a potential prognostic 
marker for certain tumours (Dutsch-Wicherek et al. 2008). Moreover, the metal ion 
detoxification function of MTs may interfere with chemotherapy (Theocharis et al. 2003; 
Eckschlager et al. 2009).
Extensive observations suggest that oxidative stress, chronic inflammation, and 
cancer are closely linked (Reuter et al. 2010). Taurine, a major cytosolic free amino 
acid of leukocytes, scavenges for reactive oxidants such as hypohalous acids HOCl and 
HOBr generated by activated neutrophils at sites of inflammation (Nejdl et al. 2013). 
Electrochemical voltammetry is a non-specific method of evaluation of oxidative stress in 
biomedicine that allows for comparison of overall antioxidant activity associated with the 
pathology under study (Pohanka et al. 2011, 2012).
As viral aetiology of fibropapillomatous skin tumours of roe deer from the Czech 
Republic has not yet been confirmed and nothing is known about metallothionein and zinc 
concentrations and oxidative stress in this type of tumour in wildlife, the objective of the 
present study was to detect and identify the roe deer papillomavirus in suspect samples 
collected in Czech hunting grounds and investigate fibropapilloma-associated concentrations 
of metallothionein, zinc, taurine, and the electrochemical index. Furthermore, the role of 
ectoparasites as potential vectors of the roe deer papillomavirus was examined.
Materials and Methods
Laboratory diagnostics of skin tumours included histopathology, PCR and DNA sequence analysis. Paired 
samples of normal skin and fibropapillomatous tumours were collected from a total of 33 roe deer specimens (15 
males and 18 females) from South Bohemia and South Moravia (Czech Republic) in 2012 and 2013. These roe 
deer (Capreolus capreolus) specimens were killed during the regular hunting season and aged from 3 to 8 years. 
Other 10 specimens without clinical skin disease, younger than 1 year and with a sex ratio of 1:1 were sampled 
to obtain the negative control of skin. Blood was also sampled by cardiac puncture within half an hour of killing 
the specimens used in the study. Each skin and fibropapilloma sample was divided into parts for histopathology, 
virus detection and identification, and measurements of metallothionein and zinc concentrations, oxidative stress 
and amino acids. Fresh samples for histopathological examination were placed in 10% buffered formalin, treated 
using a routine histological technique and embedded in paraffin. Sections of 5 µm thickness were made from the 
paraffin blocks, and these were stained with haematoxylin and eosin. The other parts were stored at -20 °C until 
analysis. The DNA was extracted from approximately 20 mm3 using a commercial kit (DNeasyR Blood & Tissue 
Kit, Qiagen GmbH, Germany) for polymerase chain reaction and sequence analysis.
Ticks (Ixodes ricinus) and deer keds (Lipoptena cervi) were also collected and pooled from individual sampled 
game specimens. A total of 83 ticks found on dogs used in hunting grounds under study were pooled into another 
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sample. Prior to DNA extraction to examine ectoparasites for the presence or absence of DNA specific for the 
roe deer papillomavirus, ticks and keds were washed with physiological saline to remove external contamination. 
The PCR assay was performed as described previously (Erdélyi et al. 2008; Erdélyi et al. 2009) 
using a pair of PCR primers suitable for the detection of cervid papillomavirus DNA, i.e., Pap1f 
(5´-CTGCAGGCTCGTATGTC-3´) and Pap1r (5´-CTGCCTCCKACACCTGTGAC-3´). The PCR products 
were purified using High Pure PCR Product Purification Kit (Roche Applied Science, Mannheim, Germany) and 
directly sequenced with the primers used for their amplification and BigDye Terminator kit (Applied Biosystems, 
Foster City, California, USA). The nucleotide sequences of PCR products were then displayed using Chromas 
Lite 2.1 (Technelysium Pty Ltd, Australia) and compared by the NCBI BLAST alignment search tool with the 
GenBank DNA database. 
Metallothioneins in normal and tumorous skin tissues were determined using the differential pulse voltammetry 
Brdicka reaction as described previously (Pohanka  et al. 2012). For assessment of oxidative stress, square wave 
voltammetric measurements were performed using PalmSens potentiostat (PalmSens, the Netherlands) connected 
with the sensor field through a control box (BUT, Czech Republic). The voltage was applied within the range 
from 0 to 1.1 V with potential step as well as voltage amplitude of 5 mV. Frequency of the waves was 1 Hz. 
The method was adjusted according to Pohanka  et al. (2011). Determination of zinc was carried out on 240FS 
Agilent Technologies atomic absorption spectrometer (Agilent, USA) with flame atomization. The zinc hollow 
cathode lamp (Agilent, USA) was operated at the current of 5 mA. Zinc was measured on the primary wavelength 
of 213.9 nm with spectral bandwidth of 1.0 nm. Mixture of air and acetylene was used for flame atomization. 
Deuterium background correction was used and the signal was measured in the integration mode for 2 s. Taurine 
was measured using an automatic amino acid analyser (AAA 400, Ingos, Prague) according to Nejdl  et al. (2013).
The data analysis software Statistica for Windows 10 (StatSoft, Inc., Tulsa, OK, USA) was used to compare 
concentrations of metallothioneins and zinc in normal skin and those associated with fibropapillomas by one-way 
analysis of variance (ANOVA) and post hoc analysis of means by the LSD test. Levene’s method was used to 
test for the homogeneity of variances. Non-homogenous parameters were log-transformed prior to analysis and 
compared with the non-parametric Kruskal-Wallis test. All tests were considered significant or highly significant 
when resulting in values of P < 0.05 or P < 0.01, respectively.
Results
Skin tumours per inspected specimen ranged from 2 to 10 in numbers and from 2 to 5 cm 
in size. Histopathology revealed a dense tissue of fibroblasts/fibrocytes and collagen fibres 
(Plate II, Fig. 1), with a clear demarcation line between the tumour and normal skin (Plate 
II, Fig. 2). There were also signs of hyperkeratosis and mild hyperpigmentation, koilocytes 
containing intranuclear viral inclusions within epidermis, and a mild inflammatory reaction 
in the dermis (Plate III Fig. 3). 
All 33 viral-infection-suspected skin samples collected from roe deer specimens in 
South Moravia and South Bohemia were PCR positive for the roe deer papillomavirus. 
The nucleotide sequences of PCR products (701 bp amplicon) indicate 100% homology 
to the Western roe deer papillomavirus 1 isolate CcPV-1, complete genome (GenBank 
accession number EF680235.1). Considering ectoparasites, pooled samples of ticks and 
deer keds from the above positive roe deer specimens as well as ixodid ticks collected from 
dogs in the respective hunting habitats were PCR and DNA sequence positive for the roe 
deer papillomavirus. Viral DNA was also demonstrated in one blood sample from a female 
roe deer.
Concentrations of metallothionein were determined in normal skin of affected animals, 
papillomas and negative controls from healthy papillomavirus-non-infected animals. While 
the highest MT concentrations were found in papillomas (2.6 mg·g-1 of total protein), MT 
concentrations in normal skin of positive specimens and control animals were by 20% 
and 30% lower (Fig. 4A). A similar situation was observed in zinc concentrations which 
were the highest in hair as well as tissue samples from papillomas. Zinc concentrations 
determined in samples of normal skin of positive animals and controls were almost equal 
(the values amounted to 27.6 µg·g-1 and 26 µg·g-1, respectively). Hair samples from normal 
skin of positive animals contained concentrations of zinc approximately 30 µg·g-1 higher 
than controls.
The amount of taurine as a protective agent against oxidative stress was measured and 
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compared with the electrochemical index (Fig. 4B). The highest content of both taurine 
and the electrochemical index expressing the level of oxidative stress was found in 
papillomas. Taurine concentration in normal skin of positive animals was higher than in 
healthy controls. While taurine in papillomas achieved the concentration of 10 µg·g-1, its 
concentration in normal skin of affected animals was lower by 20%. Taurine concentration 
in healthy controls was approximately 60% lower than in the papillomatous tissue. Mean 
electrochemical indices of normal skin of positive animals and healthy controls were at 
similar levels.
Discussion
The present paper provides the first aetiological diagnosis of fibropapillomatous skin 
tumours of roe deer from the Czech Republic based on papillomavirus DNA detection. The 
PCR product sequencing revealed 100% homology to the Western roe deer papillomavirus 
1 isolate CcPV-1 identified in Hungary, Austria and Croatia (Erdélyi et al. 2008, 2009). 
Similar to findings by the above authors, there was no variability of nucleotide sequences 
from cases examined in the Czech Republic. Likewise, histopathological findings were 
consistent with those published earlier (Erdélyi et al. 2009). Fibropapillomatosis seems to 
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Fig. 4. Differences among samples collected from lesions and normal skin of affected roe deer specimens 
and negative controls from papillomavirus-non-infected animals. (A) Fibropapilloma-associated levels of 
metallothionein (MT) and zinc (Zn), and (B) taurine (Tau) and electrochemical index (E.I.)
be dependent on the density of roe deer population and the disease distribution is correlated 
with watercourses (Erdélyi et al. 2009). Both these characteristics apply to habitats in 
which our positive samples were collected. 
It has been suggested that habitats of endemic distribution of roe deer papillomatosis 
are suitable for arthropod vectors of the disease which might play a significant role in the 
ecology of the causative virus (Erdélyi et al. 2009). Interestingly, samples of deer keds 
(Lipoptena cervi) collected and pooled from positive game specimens also harboured the 
roe deer papillomavirus DNA. To our knowledge, this is the first report of the presence of 
papillomavirus in this blood-sucking parasite. While deer keds were recognised as vectors 
of Bartonella spp. in wild and domestic ruminants (Halos et al. 2004), the present finding 
suggests that they might also play a role in the transmission of papillomavirus in the roe 
deer population. More importantly, PCR and sequence analysis revealed positive ticks 
(Ixodes ricinus) in pooled samples collected both from roe deer specimens and hunting 
dogs. Electron microscopy investigation, however, would be necessary to reveal the exact 
nature of virus transmission by both ectoparasites. In Europe, Ixodes ricinus is known as a 
competent vector responsible for transmission of many tick-borne diseases (Lindgren et 
al. 2000). While non-viraemic transmission of tick-borne infections is possible (Labuda 
et al. 1993), viral DNA was also demonstrated in one blood sample from a female roe 
deer and ticks may thus become infected by feeding on viraemic hosts. Likewise, bovine 
papillomavirus was detected in bloodstream of cattle (Santos et al. 2014). Although 
papillomaviruses are highly epitheliotropic (Bernard et al. 2010), bovine papillomavirus 
DNA, for example, has been detected in different body tissues and fluids such as milk, 
urine, and semen of infected animals (Lindsey et al. 2009). Lymphocytes are known to 
carry and disseminate papillomavirus infection within an or ganism and body fluids such 
as milk and semen (Campo et al. 1994; Stocco dos Santos et al. 1998). The great 
variety of viral transmission mechanisms including direct and indirect as well as vertical 
and horizontal options decreases the chances for disease control in a wildlife population. 
These issues, however, remain to be studied in the roe deer papillomavirus infection.
Investigation of fibropapilloma-associated concentrations of metallothionein, zinc, taurine 
and the electrochemical index revealed differences among samples collected from lesions 
and normal skin of affected roe deer specimens and negative controls from papillomavirus-
non-infected animals, but without significance. Given the high variability of measured 
data, a larger sample size would be necessary taking age and sex or nutritional exposure to 
metallic elements and other pollutants into consideration (Pikula et al. 2010). As shown 
in Fig. 4, all four measured indicators amounted to the highest value in fibropapillomas. 
The role of MTs and zinc in cancer development is closely linked and the structure and 
function of MTs depend strongly on the redox state of zinc and its interactions with proteins 
(Krizkova  et al. 2012). A similar increase in the concentration of MTs has previously been 
documented in skin melanoma cells both in vivo and in vitro (Krizkova  et al. 2008). 
Likewise, both oxidative stress associated indices, i.e. taurine and the electrochemical 
index, indicate an increase linked with skin pathology (Pohanka  et al. 2012; Nejdl  et 
al. 2013). This finding is in agreement with the observation that antioxidant/oxidative 
stress indices are more sensitive, yet unspecific, indicators of pathological changes in the 
organism compared to standard plasma biochemistry (Ondracek et al. 2012).
To conclude, we have demonstrated that the specific roe deer papillomavirus circulates 
in the roe deer population of the Czech Republic and the infection results in multiple 
fibropapillomatous skin tumours. New reports of the presence of papillomavirus in blood-
sucking parasites should encourage further investigations into the ecology and epidemiology 
of this viral disease. There is a lack of basic data such as disease prevalence and incidence, 
current geographic distribution and spread of infection, habitats associated with infection, 
infectious load at hunting grounds, infection outcome in affected animals, etc. Obviously, 
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studies into these issues need a close cooperation between wildlife professionals, hunting 
ground managers, and the State Veterinary Administration. 
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Plate II
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Fig. 1. Dense tissue of fibroblasts/fibrocytes and collagen fibres in the main fibropapilloma mass. 
Haematoxylin and eosin stain; × 400 magnification.
Fig. 2. A clear line of demarcation between fibropapilloma and normal skin. Haematoxylin and eosin stain; 
× 40 magnification.
Plate III
Fig. 3. Hyperkeratosis and mild hyperpigmentation, koilocytes containing intranuclear viral inclusions 
within epidermis, and a mild inflammatory reaction in the dermis. Haematoxylin and eosin stain; × 400 
magnification.
